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Description 



DIAGNOSTIC METHOD AND APPARATUS 
FOR NON-DESTRUCTIVELY OBSERVING 
LATCH DATA 

Background of Invention 
[0001] Field of the Invention 

[0002] The present invention generally relates to latch circuits 
and more particularly to a circuit that examines the data 
within the latch circuit without altering or destroying the 
data. 

[0003] Description of the Related Art 

[0004] when bringing up and debugging logic state machines, it 
is of interest to be able to observe the state of latches for 
parts or all of the logic on the device without destroying 
the state of those latches. This is important both for ini- 
tialization and for debug of follow-on manufacturing pro- 
cesses. It is also an advantage for the method of observa- 
tion not to require prior knowledge of the latch constitu- 



tion. 

Summary of Invention 

[0005] The invention provides a circuit that can observe data 

within shift registers without altering the data. The circuit 
includes selectors connected to the inputs and outputs of 
the shift registers. The selectors selectively connect the 
input with the output of a selected shift register to form a 
wiring loop for the selected shift register. A control device 
connected to the wiring loop uses the wiring loop to cause 
the data to be continually transferred from the output of 
the selected shift register to the input of the selected shift 
register and back through the selected shift register in a 
circular manner. The control device includes a data output 
accessible from outside the circuit. An observation wire is 
connected to the wiring loop, and the data passes from 
the wiring loop to the control device through the observa- 
tion wire. The control device outputs data appearing on 
the wiring loop as the data is circulated through the se- 
lected shift register to permit data within the selected 
shift register to be observed outside the circuit without 
altering the data within the selected shift register. 

[0006] The inventive control device has a shift register selector 
connected to the selectors that cause the selectors to 



form the wiring loop using one or more different shift 
registers from the selected shift register. The control de- 
vice can optionally include a storage device for recording 
the data as the data appears on the wiring loop. The in- 
vention can also include a write device for changing one 
or more bits of data within the shift register before the 
data is returned to the input of the shift register. 

[0007] The control device can maintain data on the different 

lengths of the different shift registers or the control de- 
vice can include a shift register length determination unit 
that sends a unique data marker circularly through the 
shift register and counts the number of bits that pass 
through the wiring loop as the unique marker completes 
the circular loop through the shift register and returns to 
the wiring loop. A shift register length control unit limits 
the circular transfer of data within the wiring loop and the 
shift register such that all of the data is circulated through 
the wiring loop a single time and the data is returned to 
the same position within the shift register before and after 
the circular transfer of the data. 

[0008] The invention uses the foregoing circuit to provide a 

method for observing data within a shift register without 
altering the data. The method selects a shift register from 



many shift registers and then continually transfers data 
from the output of the shift register to the input of the 
shift register and back through the shift register in a cir- 
cular manner. The method outputs data as the data is 
transferred from the output of the shift register to the in- 
put of the shift register to permit data within the shift 
register to be observed outside the circuit without altering 
the data within the shift register. This allows the invention 
to send data to a location external to the shift register to 
allow the shift register to be examined by an external de- 
vice. 

[0009] The process of selecting the shift register comprises con- 
trolling selectors to form a circuit between the output of 
the shift register and the input of the shift register by 
connecting a wiring loop between the output of the shift 
register and the input of the shift register. This method 
can optionally store the data in a memory location sepa- 
rate from the shift register. As mentioned above, the in- 
vention provides the ability to alter the data between the 
time the data is received from the output of the shift reg- 
ister and the data is transferred to the input of the shift 
register. 

[0010] The circular data transfer is performed for a single data 



transfer loop such that the data is at the same position 
within the shift register before and after the data transfer 
process. This method can determine the length of the 
shift register by sending a unique data marker circularly 
through the shift register and counting the number of bits 
that pass through the shift register as the unique marker 
completes the circular loop through the shift register be- 
fore circularly transferring the data. 
Brief Description of Drawings 

[0011] The foregoing invention will be better understood from 
the following detailed description with reference to the 
drawings, in which: 

[0012] Figure 1 is a schematic diagram of one embodiment of the 
inventive circuit; 

[0013] Figure 2 is a flow diagram illustrating a preferred method 
of the invention; and 

[0014] Figure 3 is a hardware embodiment for use with the in- 
vention. 
Detailed Description 

[0015] As mentioned above, it is of interest to be able to observe 
the state of latches for parts or all of the logic on the de- 
vice without destroying the state of those latches. It is 



also an advantage for this observation not to require prior 
knowledge of the length of the shift register. The inven- 
tion described below provides a circuit and method for the 
circular shifting of varying length rotating shift registers 
and observation (or control) of each bit in the shift regis- 
ter during a circular shift process. The process ultimately 
restores the data back to the original positions in the 
latches of the shift register. In order to limit the need to 
have knowledge of any particular design, this invention 
also contains logic that can be used in a separate pre- 
operated mechanism to determine the length of each shift 
register that needs to be observed. This allows the 
method to work independently of any particular chip de- 
sign. 

[0016] As shown in Figure 1, the invention provides a circuit that 
can observe data within shift registers without altering the 
data. The circuit includes selectors (e.g., multiplexors) 
106, 107 connected to the inputs 121 and outputs 122 of 
the shift registers 112-114. The selectors 106, 107 selec- 
tively connect the input with the output 122 of one of the 
shift registers 112-114 to form a wiring loop 105 for the 
selected shift register. 

[0017] a control device 100 connected to the wiring loop 105 



uses the wiring loop 105 to cause the data to be continu- 
ally transferred from the output 122 of the selected shift 
register to the input 12 1 of the selected shift register and 
back through the selected shift register in a circular man- 
ner. The control device 100 includes a data input/output 
103 that is accessible from outside the circuit. The data 
input/output 103 is also used to input the different 
lengths of the shift registers 112-114, if these lengths are 
known. Item 102 represents the external control input for 
the control device logic 100. 
[0018] | n an alternative embodiment, described below, the inven- 
tion can determine the length of each shift register. At the 
beginning of the shift register length determination oper- 
ation the selected shift register of interest 112, 113 or 
114 is initialized to contain all logical "0"s. A logical "1" is 
then provided by the control device 100 as a length 
marker into the selected shift register 112, 113 or 114 
along signal line 116 to a multiplexor 110. The signal 115 
from the control device 100 is used to select the logical 
"1" to be loaded into the selected shift register during the 
shift register length determination operation. The control 
device 100 can observe (via signal path 118) the contents 
of the selected shift register 112, 113 or 114 as the shift 



operation is performed and a counter 130 within the con- 
trol device 100 will count shift cycles until the logical "1" 
is observed. The counter 130 now contains the length of 
the selected shift register 112, 113 or 114 and this length 
can be stored in one of multiple length storage registers 
132, 133 or 134 within the control device 100 for future 
use when rotating data in one of the selected shift regis- 
ters 112, 113 or 114. Length storage register 132 will 
store the length of shift register 112, and length storage 
register 133 will store the length of shift register 113 and 
so on and so forth, each shift register length being stored 
into a dedicated length storage register 132-134 within 
the control device 100. Signal line 115 is connected to the 
multiplexor 110 and allows the control device 100 to de- 
termine when all the data within the shift registers 
112-114 has been circularly transferred through the 
wiring loop 105 and back into the shift registers 112-114. 
Thus, the length storage registers 132-134 within the 
control device 100 limits the circular transfer of data 
within the wiring loop 105 and the selected shift registers 
112-114 such that all of the data is circulated through the 
wiring loop 105 a single time and the data is at the same 
position within the selected shift register 112-114 before 



and after the circular transfer of the data. 

[0019] Therefore, with the invention, after the data is circularly 
transferred through the wiring loop 105, it returns to its 
original position within each of the shift registers 
112-114. Therefore, with the invention, the data within 
the shift registers 112-114 is left essentially undisturbed 
even after it has been fully observed. As described in an 
alternative embodiment discussed below, the invention 
can alter one or more of the bits of data within the shift 
registers 112-114 (as desired) as the data is being circu- 
larly transferred through the wiring loop 105. 

[0020] An observation wire 118 is connected to the wiring loop 
105, and the data passes from the wiring loop 105 to the 
control device 100 through the observation wire 118. The 
control device 100 outputs data appearing on the wiring 
loop 105 through the observation input/output port 103 
as the data is circulated through the selected shift register 
and wiring loop 105 to permit data within the selected 
shift register to be observed outside the circuit without 
altering the data within the selected shift register. 

[0021] The inventive control device 100 has a shift register selec- 
tor portion 125 that is connected to the selectors 106, 
107 through the selection line 117 that causes the selec- 



tors 106, 107 to form the wiring loop 105 using one of 
the shift registersll2-114. The control device 100 can 
optionally include a storage device 120 for recording the 
data as the data appears on the wiring loop 105. The data 
within the storage device can be observed through the in- 
put/output port 103. The internal connections, buses, 
etc., within the control device 100 are not illustrated so as 
not to obscure the salient features of the invention; how- 
ever, such wiring connection would be well-known by 
those ordinarily skilled in the art. 
[0022] The invention can also include a write device 127 for 

changing one or more bits of data within the shift register 
before the data is returned to the input 121 of the shift 
register. The write device 127 can output a new data bit 
along line 116 at the appropriate time to replace a pre- 
existing data bit within any individual latch (U1-U15) 
within the various shift registers 112-114. Therefore, the 
multiplexor 110 selects the data appearing along line 116 
in place of the data flowing from the shift register output 
122 to replace a bit of data being written back into the in- 
put 121 of the shift register. More specifically, the control 
device logic 100 can be set such that operation of the 
control data 102, and observe length control pin 115 



would result in modification of the particular bit then be- 
ing shifted to the circular path 105. This allows modifica- 
tion of internal data without disturbing other bits in the 
chain. The control logic can be controlled either via scan- 
ning, shifting, or by direct primary input (PI) control. 
Therefore, for example, if the shift registers 112-114 
maintained fuse data information, such information can 
be selectively changed using the invention. 
[0023] The control device 100 can maintain data on the different 
lengths of the different shift registers (as input through 
the input/output port 103) in the memory 120 or a sepa- 
rate memory. Alternatively, the control device 100 can in- 
clude a shift register length determination unit 129 that 
sends a unique data marker circularly through the shift 
register and counts the number of bits that pass through 
the wiring loop 105 as the unique marker completes the 
circular loop through the shift register and returns to the 
wiring loop 105. Therefore, the invention can circulate a 
data bit comprising "1" along with a string of "0" data bits 
and count the number of bits that occur from the time the 
"1" data bit enters the input 121 of one of the shift regis- 
ters 112-114 until the "1 returns back to the wiring loop 
105 from the output 122 of the shift register. The inven- 



tion preferably determines the lengths of the different 
shift registers 112-114 during an initialization process 
and records this information for later use. If desired, the 
invention can only determine the lengths of the shift reg- 
isters that will be observed, or can determine the lengths 
of all shift registers. 

[0024] As shown in flowchart form in Figure 2, the invention uses 
the foregoing circuit to provide a method for observing 
data within a shift register without altering the data. The 
method selects a shift register 200 from many shift regis- 
ters and then continually circularly transfers data 202 
from the output 122 of the shift register to the input 121 
of the shift register and back through the shift register in 
a circular manner. The method outputs data 204 as the 
data is transferred from the output 122 of the shift regis- 
ter to the input 121 of the shift register to permit data 
within the shift register to be observed outside the circuit 
without altering the data within the shift register. This al- 
lows the invention to send data to a location external to 
the shift register to allow the shift register to be examined 
by an external device. 

[0025] The process of selecting the shift register 200 comprises 
controlling selectors 106, 107 to form a circuit between 



the output 122 of the shift register and the input 121 of 
the shift register by connecting a wiring loop 105 between 
the output 122 of the shift register and the input 121 of 
the shift register. This method can optionally store the 
data in a memory location separate from the shift register 
206. As mentioned above, the invention provides the abil- 
ity to alter the data between the time the data is received 
from the output 122 of the shift register and when the 
data is transferred to the input 121 of the shift register. 

[0026] The circular data transfer 202 is performed for a single 
data transfer loop such that the data is at the same posi- 
tion within the shift register before and after the data 
transfer process. This method can determine the length of 
the shift register by sending a unique data marker (as dis- 
cussed above) circularly through the shift register and 
counting the number of bits that pass through the shift 
register as the unique marker completes the circular loop 
through the shift register. 

[0027] a representative hardware environment for practicing the 
present invention is depicted in Figure 3, which illustrates 
atypical hardware configuration of an information han- 
dling/computer system in accordance with the subject in- 
vention, having at least one processor or central process- 



ing unit (CPU) 10. CPUs 10 are interconnected via system 
bus 12 to random access memory (RAM) 14, read-only 
memory (ROM) 16, an input/output (I/O) adapter 18 for 
connecting peripheral devices, such as disk units 11 and 
tape drives 13, to bus 12, user interface adapter 19 for 
connecting keyboard 15, mouse 17, speaker 303, micro- 
phone 304, and/or other user interface devices such as 
touch screen device (not shown) to bus 12, communica- 
tion adapter 305 for connecting the information handling 
system to a data processing network, and display adapter 
301 for connecting bus 12 to display device 302. A pro- 
gram storage device readable by the disk or tape units is 
used to load the instructions which operate the invention 
also loaded onto the computer system. 
[0028] The control logic 100, either as part of a normal opera- 
tion, or as a specific operation code can be programmed 
to select one of the shift registers 112-114, and cause 
that shift register to shift in a rotating circular fashion via 
the two multiplexors 106, 107. This allows the data in 
that shift register to be observed out of the observation 
input/output 103. Upon completion of the rotating shift 
operation, the initial value of the shift register is restored. 
Because this is a shift in a circular fashion, the control 



logic 100 only needs to shift the number of elements in 
the shift register in order to restore the data back to its 
original position. 

[0029] The invention avoids using the standard LSSD scan clocks 
which destroy data in the rest of the latches on the chip, 
including latches within the circuit of interest, and re- 
stores data to the original position in latches. 

[0030] while the invention has been described in terms of pre- 
ferred embodiments, those skilled in the art will recognize 
that the invention can be practiced with modification 
within the spirit and scope of the appended claims. 



